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ABSTRACT 



The Colorado Model Content Standards for Science specify 
what all students should know and be able to do in science as a result of 
their school studies. These standards reflect high expectations and outline 
the essential level of science knowledge and skills needed by all citizens to 
participate productively in an increasingly technological society. Six 
standards are presented with their rationale and specific expectations for 
students completing grades K-4, 5-8, and 9-12. (ASK) 
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INTRODUCTION 



Colorado Model Content Standards for Science 

Tne Colorado model standards presented here specify whai all students should know and be able to 
do in science as a result of their school studies. Specific expectations are given for students 
completing grades K-4, 5-8, and 9-12. These standards reflect high expectations and outline the 
essential level of science knowledge and skills needed by all citizens to particiDate productively in 
our increasingly technological society. Some suggestions are also offered for those students who 
ele« to extend their smdy of science beyond that specified in these content «a-anrfarri«; based on 
their particular interests, motivation, goals, and 

Id 1992, the National Committee for Science Education Standards and Assessment (NCSESA), 
which directed the National Research Council’s development of K-12 national science education 
st an d ar ds, issued guiding principles for its work. This statement provides useful perspective on 
the purpose and eventual use of Colorado model science content standards: 

*Tn panicuiar, the commitment to ‘Science for AH’ implies inclusion not only of 
those who traditionally have received encouragement and opportunity to 
pursue science, of women and girls, all racial and ethnic groups, the physically 
and educationally challenged, and those with HmtTftH F.nglkh proficiency. 

Further, it implies attention to various styles of learning and differing sources 
of motivation. Every person must be brought into and given to the 

ongoing conversation of science.” 

NCSESA. 1992 

to that spirit, these model science standards define the level of science knowledge and proficiency 
th^ ah Colorado smdents should gain to their school studies. The goal is to have stu^nts ^ply 
scientific information and processes to pracdcal problems to an ethic^ and safe manner. 

The view of the nature of science conveyed in these content standards c?n be summarized throush 
this excepted material from Science for AH Americans . published by the American Association for 
the Advancement of Science in 1990: 

Science presumes that the things events in the universe occur in consistent patterns that 
are comprehensible through cienH, systemic study. Scientists believe that through the use 
of the inteHect, and with the aid of instruments that extend the senses, people can discover 
patterns in aU of nature. Science is a process for producing knowledge. Cnange in 
scientific knowledge is inevitable because new observations may chaHenge prevailing 
theories. In science, the testing and improving and occasional discarding of theories, 
whether new or old, go on all the time. However, the modification of ideas, rather than 
their outright rejection, is the norm to science, as powerful constructs tend to survive and 
grow more precise and to become widely accepted. Continuity and stability are as 
characteristic of science as change is, and confidence is as prevalent as tenmtiveness. 

The numerical order of the six science content standards does no: imply any particular judgments 
regarding their relative importance or leaching priorities, to fact, as the docmnent emphasizes. 
St andar ds 1, 5, and 6— relating to scientific investigations, applications, and connections — should 
be addressed through teaching subject marier from the physical, life, and earth/space sciences 
(Standa r ds 2. 3. and 4). Even though the six science content standards are identified separately, 
they represent interconnected expectations for smdents. 
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content standards into six categories does not imnly that standaids-based 
^ “ separate units or courses that cany these particuto titles The studen* 

fiSf be supported uithin courses organized m a variety of v,ays, ransin- 

mterdiscipima^ approaches, to instruction built on major scientific them« ^ 
discipline-specific approaches. Regardless o^ow 
smSSshould^^;^ knowledge and skills that all 

^Sb expectations for all students, they can 
provided ^pnate science instruction a aU grade levels. If K-4 
^e?^^d S exa^le. ^ d<^gnated as the responsibihty of only fourm grade (or 

third Md fourth grade) teachers, this wifi place an unfair (and instictionaily irresronsible'l 
bi^n on both those teachers and their students. These standards are set with the expectation th?r 
^«.ce- ^a.e<l 3cnvines -»fll ccc^ a, gr^de tevab-fen. 

through increasmgly organized and focused science instruction in higher grades. 

developed by a group of experienced Colorado science educators 
whose effort have been gmded— a: least m part— by related work at the national level focused on 
defining wh^ all studmts should know and do in science. Tne Benchmarks from the .'American 
^ociauon for the Ad^cement of Science’s Projea 2061 and draft reports from the National 
EducMOT Standards Project at the National Research Council have been particularly useful 
ana mflucnual. References to those documents and to others consulted are listed on page S-28. 
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Colorado Model Content Standards 
SCIENCE 



1. Students understand the processes of scientific investigation 

conduct, communicate about, and evaluate such 
mvestigations. 



2. Physical Science: Students know and understand common 
properties, forms, and changes in matter and ener<w. 



3. Life Science: Students know and understand the 

<±aracteristics and structure of living things, the processes of 

Me, and how living things interact with each other and their 
environmenL 



4 Earth and Space Science: Students know and understand the 
pr^^ses and interactions of Earth’s systems and the structure 
and dynamics of Earth and other objects in space. 



5. Students know and understand interrelationships among 

c, ec^inology , and human activity and how they can 
afiect the world. 



6. Students understand that science involves a particular way of 

knowmg and understand common connections among 

scientific disciplines. 
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STANDARD 1: 



Students understand the processes of scientific 
investigation and design, conduct, communicate about, 
and evaluate such investigations. 



RATIONAT.F 

In everyday life, we find ourselves gadzering and evaluaring bformanon (data), noting and 
wondering aboui panems and regularities, devising and testing possible explanations for how 
things work, and discussing ideas with others. These characteristically human activities mirror in 
many ways how scienxists think and work Scientfic investigation (inquiry) often begins with a 
question or problem and usually ends with further questions to investigate. Such investigations 
m^ iriclude long-term field stupes and are not limited to direct experirnentanon in a lab setting. 
77r^ involve the idendficanon and control of variables. Inquiry in the science classroom helps 
stut^nts develop a useful base of sdentfic hiawledge, commimicated in increasingly maihematical 
ard conceptual ways as they progress through school In addition, scientqic inquiry stimulates 
student inter^, motivction, and creativity. Designing and ccmducting investigations encoura<^es 
studer^ to interpret, analyze, and evaluate what is hiown, how we hiow it, and how scien^x 
questions are answered. The hiowledge and sldlls related to scientific inquiry enable students to 
urderstand how science works, and are powerful ways for students to build their understanding of 
the scientific facts, prindples, concepts, and appUctnCms that are described in the other scimte 
coraent standards, particularly standards two, ^ee, and four. To comprehend the world around 
them, stude^ j^ed opportunities to pursue questions that are relevant to them and to learn how to 
conduct scientfic investigations. Some scieTofic inquiries can only be investigaced by the use of 
models since actual events are not repeatable. 

GRADES Kd 

In grades K-4, what students loiow and are able to do includes 

asking questions and sta ting predictions (hypotheses) tihat can be addressed throuah scientific 
iavestigarioii; 

selecting and using simple devices to gather related to an investigation (for example, 
length, volume, and mass measuring instruments, thermometers, watches, magnifiers, 
microscopes, calculators, and comoutersy, 

using data based on observations to construct a reasonable exolanation; 
co mmim ic aring about investigations and exulananons. 
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GRADES 5-S 



As students in grades 5-8 extend their knowledge, \viiai they know and are able to do includes 
• identifying and evaluanng aliemaiive erolananons and procedures; 



demonsti^e that scientific ideas are used to explain previous observations 
p ture events (jor e x a mple, plaze tectonics and fuxure earthauake activity); 

hypo Jeses that lead to different types of scientific investiganons 
sdent^ coZZecoig specimens, constructing models, researching 



• creating a w ritten plan for an investigation; • • 

using ^propziate tools, te chn ologies, and zneasurement units to gather and organize data; 
interpreting and evaluating data in order to fonmilate conclusions; 

mv^tiganons in appropriate ways (for example, written reports, 

using metric units in measuring, calculating, and reporting results; 

• e^Iaining tto scientific investigations sometimes result in unexpected that lead 

to new quesnons and more investigations; and 

p\mg^exan 2 ples of how collaboration can be useful in solving scientific problems and sharing 



GRADES 9-12 

As students in grades 9-12 extend their knowledge, what they know and are able to do includes 

stating hypotheses, using prior scientific knowledge to help guide their 

creating and deiending a written plan of acdon for a scientffic investigation; 

selecting and using appropriate technologies to gather, process, and analyze and to renort 
inionnanon related to an invesusadon; ^ 

identifying major sources of error or uncertainty within an investisation (for ezomple. 
particular measuring devices and experimemal procedures): 

consuucdng ^d mvising scientiiic explanations and models, using evidence, losic. and 
expenments ihar include identifying and controlling variables; 

communicating and evaluating scientific thinking leads to panicular conclusions; 

recognizing and analyzing altemanve explanations and models: and 

• explaining the difierence between a scientific theory and a scientific hypothesis. 
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For student continuing their science education beyond the standards, what they know and are able 
to do mav include ^ 



desi^iing and convicting an advanced scientific investisaiion — either individually or as -Dart of 
a student team — that extends over several days or weeks; and ^ 

contouing to i^^ce and apply inquiry skills as they extend their understanding of science 
content through further study. 
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STANDARD 2: 



Physical Science: Students know and understand 
common properties, forms, and changes in matter and 
energy. (Focus: Physics and Chemistry) 



2.1 Students know that matter has characteristic properties, which 
are related to its composition and structure. 



RATIONALE 

Ev eTyo ne Aas aperience with mazier in a variety offorrhs. Such experiences help build students ' 
widersxandmg of svnihvizies and differences in the properties ofmazten Their personal experiences 
help students v^rsta^ conmon properties suck as hardness, strength color, shape, and states 
of matter (solid, liquid, cmd gaseous). Knowledge of observable properties of matter and its 
structure and composition is helpful in considering matter*s varied uses, availability, and 
Imitations in our world. 



GRADES K>4 

In grades K-4. siudcnis know and are able to do includes 

examining, describing, classifying, and comparing tangible objects in terms of common 
physical properties (for example, state of matter, size, shape, leisure, flexibility, color)\ 

measuring common physical properties of objects (for example, length, mass, volume, 
temperature); and 

creating mixmres and separaiing them based on diSerences in properties (for example, salt and 
sand, iron filings and soil, oil and water). 



GRADES 5>8 

As students in grades 5-8 extend their knowledge, wiiat they Icqow and are able to do includes 

examining, describing, comparing^ measuring, and classifying objects based on common 
ph\*sical and chemical properties (for example, states of matter, mass, volume, electrical 
charge, temperature, density, boiling points, pH, magnetism, solubility); 

separating mixtures of substances based on their properties (for example, solubility, 
boiling points, magnetic properties, densities); 



classifying and describing m a tt er in terms of elements, compounds, mixtures, atoms, and 
molecules (for example, copper is an element, water is a compound, air is a ntbsure ); and 

developing simple models to explain observed properties of (for example, using a 

particle model to account for the solubiiiiy of a substance ). * ^ 
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GRADES 9>12 



As students in grad e s 9-12 extend their knowledge, what they know and are able to do include 

examining, describing, measuring, classifying, and predicting common prooerties of 
subst anc^ (for ejuimplc, elcdriccl charge, chemical reactxviry, ccidizy, electrical 
conduciivzTy, radicacviviry, relaaonships bi the periodic table ); 

describing and exp l a inin g properties and composition of samples of yTTarr^.r n<;in g models 
(for example, atomic and molecular stniaure, the periodic table); ^ 

sepaiatmg subsonces based on their chemical and physical p roperti es (for example, color, 
solubility, cnemical reacitvity, melting point, boiling point); and 

using word and chemical equations to relate observed chanses in matter to its coniDOsition 
and structure. 



Page S-13 contains content suggesnons for students who continue their science study beyond 
the scope of this standartL 



2.2 Students know that energy appears in different forms, and 
move (be transferred) and change (be transformed). 

RATIONALE 

Energy is a central concept in science because all physical interactions involve changes in energy. 
Students need to understand that all physical events involve tran^erring energy or changing one 
form of energy into another. When a tran^ormation of energy ta k e s place, some of it is likely to 
appear as heat Knowledge of forms of energy, its tranter and xremsformarian, is essetitial to 
interpreting, explaining, predicting, and irdiuencxng change in our world 



GRADES K>4 

In grades K-4, what students know and are able to do TTi cl ude s 

• recognizing that energy (for example, light, heat, motion, sound, mechanical) can affect 
common objects and is involved in common events; 

• making observations and gaihering data on quantities associated with energy, movement, 
and change (for example, distances for a bean^laimcker, time for a melting ice cube J; and 

• comparing quantities associated with cncrg%' movement and change bv constructing simnle 
dia gr ams or chans (for example, graph of launch distances, chan of melting time). 
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GRADES 5-8 



As snidents in grades 5-8 extend their knowledge, wbar they know and are able to do 

measumg quantities ^oci^ with energy forms (for example, temperamre. mass, 
speed, distance, electrical charge, ctarent, vohage)\ and 

descnomg qu^tative and quantitative relationships, using data and obseivations and 

^soaaed vritii en^ terser or energy transformation (for example, speed of 

^ J Imgth cj string vs. pitch of sound; electric current vs. volume of 

gas produced m electrolysis, with lengdi of time kept consumt). ^ 



GRADES 9-12 

As students in grades 9-12 extend their knowledge, what they know and are able to do includes 

id enti^ mg, measuring, calculating, and a nal yzing quantitative relationships involved with 
energy forms (for example, heat tranter in a system ittvolving mass, specie heat, and change 
m temperamre oftnaiter); and * 

identi^mg, meas uring, calculanng, and a nal 3 ^zing qualitative and quantitative lelarionshins 
associated witii energy transfer or energy transformation (for example, changes in temperamre 
velocity, potermal energy, kinetic energy, conduction, convection, radiation, voltage, current). 



Page S-1 3 contains content suggestions for students who continue their science study beyond the 
scope of this standard. ^ 



2.3 Stadents nnderstand that interactions ran produce changes in a 
system, althou^ the total quantities of matter and energy 
remain unchanged. ** 

RATIONAT.E 

Interactions be^een matter and energy account for changes observed in everyday events. 
Un^JTtandmg.how maxt^ and energy interact extends students’ knowledge of the physical world 
and amws tf^ to monitor and etmlain a wide variety of changes and to predict fitmre physical 
and cheim^ efumges. Students gain both a pra ct i cal and conceotual understardins of the laws of 
conservanancf matter and energy. * 



GRADE5; Kd. 

In grades K-4. what smdents know and are able to do includes 

describing parts of system (for example, water in a closed jar, water in an open 
jar, a plant terrarium)-, 

desCTbing an observed c h ange (for example, a melting ice cube, crystal growth, burning 
cardie, physiad breakage) in terms of starting conditions, type of chanse, and endins 
conditions, using words, diagrams, or granhs; and " ~ ' 
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• predicdng wfaai changes and what remains unchanged when experiences an external 

n^uence (for example^ a push or pullj eddidon or removal ofkeai, division of cloy inxo 
pieces, mehing an ice cube, changing a ball of clay to aflaitened shape). 



GRADES 5>8 

As students in grades 5-8 extend their knowledge, what they know and are able to do includes 

♦ idenmying and classifying faaors causing change within a system (for example, force, light, 
hear); 

♦ identifying and predicting what will change and what will remain unchanged when maner 
expeneiices an external force or energy change (for example, boiling c liijuidt comparing the 
force, distan ce, and work involved in simple maclunesy, 

♦ observing and gathering data to support the concept of conservation of within a closed 
system (for example, precipizanon reaction, fortning mxxmres, gas produaion); 

describing, measuring (for example, lemperaiure, mass, volume, melting point of a substance ) 
and calculat in g q ua n ri des before and after a chemical or physical change within a system (for 
example, lemperaiure change, mass change, specific heat); and 

♦ describing, measuring (for example, time, distance, mass, force ) and calculating quanddes 
cnaracterize moving objects and their inieracdons within a system (for example, force, 
velocity, acceleration, potential energy, kinetic energy). 



GRADES 9>12 

As students in grades 9-12 extend their knowledge, wfaat they Imow and are able to do includes 

♦ identifying, describing, and eOTlaining physical and chemical changes involving the 
conservation of maner and energy (for example, oscUlatmg pendulum/spring, chemical 
reactions, 



♦ observing, measuring, and calculating quanddes to demonstrate conservadon of matter and 
energy in chemical changes (for example, acid-base, precipitation, oxidation-reduction 
r e a cti ons), and phj^cal inieracdons of matter (for example, force, work, power); 

♦ desenoing and predicting chemical changes (for example, combusdon, simple chemical 
reacdons), and physical interacdons of matter (for example, velocity, force, work, power), 
using word or symbolic cquadons; and 

♦ describing and explaining physical interacdons of matter using conceptual models (for 
example, conservadon Ictws of maner and energy, particle model for gaseous behavior). 
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For students con^umg thar science education beyond the standards, what they know and arc able 
to ao ma 7 include 



relating tfaek prior knowledge and understa n di n g of properties of matter to observable 
cbaraoenpcs or marer ials and emerging technologies (for example, semiconduaors. 
supercoTiaiicTOTZ, phozovohaics, ceramics )\ 

modefcg quaniit^e aspects of cfaenucal and physical interactions (for example, razes of 
reacaon^ sioichiomeay, eleczromagrxtic pheriomena, sza^ and dynamics 
elecrrochemisay); 



flying knowledge and understanding of chemical and physical interacrions to explore 
fetors ^ influence or govern change (for example, equilibrium constams, kinetics 
Thermody7iamics)i and 



• distmguishmg among different types of constancy (for example, static and dynamic 
eqmhbrwm, symmetry, un^orm/accelerazed motion) and different types of chanae (for 
example, q u alit a t ive and quandtanve trends, cyclic change, chaotic systetns). 
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STANDARD 3: 



Life Science: Students know and understand the 
characteristics and structure of living things, the 
processes of life, and how living things interact with 
each other and their environment (Focus: Biology- 
Anatomy, Physiology, Botany, Zoology, Ecology) 



3.1 Students know nnd understand the characteristics of living 

diversity of life, and how living things interact with 
each other and with their environmenL 

R.4TI0NALE 



A5 resuh of their study of a variety of orgamsms and where they live, students gain a better 
under s t andm g Oj their world Students have a natural curiosity about l^e and the great diversity of 
organisT^. T^fr curiosity leads to the study of organisms and how the organisms interact with 
t^ world Through the pudy of similarities and differences of organisms, students learn the 
importan^ of ossification as a u^l used by scientists. In their future as citizens, students wUl 
need to think about and make decisions about the diversity and exti nction of organisms in their 
communmes and the world 



GRADES K:>4 

In gX rtrigts K-4, wnat students loiow 2 nd are able to do includes 

• distinguishiiig living from nonliving things; 

classifying a variety or organisms according to selected characteristics (for example, 
backbone vs. no backbone j; 

desCTbing the basic needs (for example, food water, air, shelter, space) of an organism; 
and 

giving examples of how organisms in t e r act with each other and with nonliving parts of 
their haSitar ^ ^ 

GRADES 

As students in grades 5-8 extend then* knowledge, what they know and are able to do includes 
constructing and using classificanon systems based on the structure of organisms; 

. describing the importance of plant and adaotauons, includins local cxamnles; 
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• creanng and inteipretmg food chains and food webs; 

' to provide food, 

nutrients determines canymg capacity. ^ 

GRADES 9-12 

As students m grades 9-12 extend their knowledge, what mey know and are able to do includes 

^ "v^ety of classification systems for organisms (for example the 
five-Jongdom c l as s yi mrio n, cLasstficaxum based on behavior); 

preoicting and describing the interactions of populanons and ecosystems; 

e^laining how adaptions (for example, stnuaure. behavior) of an oreanism rf^r>»TTrnn^ jK 
niche (role) in the environment; “ 

• explaming how changes in an ecosystem can affect biodiversiiy and how biodiversity 

contnoutes to an ecosystem’s stability; and ^ 

analyfing the dynamic equilibiitim of ecosystems, including interactions among living and 
nonlty^ congjonenis (for example, tropical d^orestadan is linked to dec r^fr ^ed global 
preciptianon; Mount St. Helens ' eruption had impact on die local ecosystem). 

Page S-20 contains suggestions for students who continue their science smdy beyond the 
scope or this sandard. ^ ^ 



3.2 Students know and understand interrelationsliips of matter and 
energy in Dving systems. 

RATIONAT.E 

From experience, STudet^ know that they must eat food to live. As a result of their study of 
(trcm^er) and change (transformadon) in living organisms, students understand 
^ source of energy for living organisms. They Uam why a 

P Pf tttt^ter and energy ts critical for life. Photosyntheac organisms are critical to '>^1 
organisms and need to bemaimained If one or more components are altered in an ecosystem, all 
o T wmponenzs are ejected. Through studying the interrelationships of organisms, students 

l£arr. that they can have a CTidcalimpaa on other organisms. ■ ^^ems 
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GRADES K-4 



In grsdss K-4, wh 2 t students laiow and are able to do includes 

recognizing that green plants need energy from sunlight and various raw m^rprialc to live 
and a nimals consume plants and other organisms to live; and 

^^^^2tionships of organisms by tracing the flow of marrgr and cncrg>- in 



GRADES 

As students in grades 5-8 extend their knowledge, what they know and are able to do includes 

bssic processes of photosynthesis and respiration and their importance to 
£ ^ ^ tCTTcriuTn or cupiariurn and Tnakd changes sicch as blocJdng oui 

compamg and conuasting food webs widiin and between different ecosystems {jor 
example, grasslands^ tundra^ marine) and predicting the conseauences of disruotin*^ one of 

me organisms in a food web; * * © 

desc^mg ways {for example, digesdan, transport ofiuarients by circulatory system ) that 
mulncellular organisms get food and other Tnangf to their cells; 

ptplainmg the recycling of maierials by determining a pathway of a substance th at is 
unponant for life (for example, trace water through an ecosystem); and 

desaibing the role of oiganisms in the decon^sition and recycling of organians (for 

e^Mmple, ba cte ria s role in die decoTtiDOsinon and recycling cf Truster from a 

animal). 



GRADES 9-71 

As snidents in grades 9-12 extend their knowledge, what they know and art able to do includes 

co mpa ring and contrasting the processes of photosynthesis and respiration (for example, 
in terms of energy and products ); 

explaining how single molecules can be built into larger molecules within organisms (for 
Guanple, amino adds serve as buUdhig blocks of proteins; carbon dioxide and water are the 
basic materials for bu ildi ng sugars through photosynthesis)', 

explaining how large molecules (for example, starch, protein) are broken down into smaller 
molecules, serving as an energy source or as basic building blocks in organisms; 

explaining how energy' is used in the maintenance, repair, gro^fri. anddeveloomcnt of 
tissues (for example, in the pro d u ctio n of new skm cells requires energy): and 

describing the cycling of matter and the movement and change of cnergv* through the 
ecosystem (for example, some energy dissipates as heat cs i: is transferred through cfood 
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Page S-16 contains snggestions for students who continue their science study beyond the 
scope or standard. ^ ^ 



3.3 Students know and understand how the human body functions, 
factors that influence its structures and functions, and how these 
structures and functions compare with those of other organisms. 



RATIONAl.F. 

about ^ir bodies md how they relate biologicallv to other 
STrucmre andfunoion, body organizadon. growth and development, 
^mamzai^e of other. orgamsnu enhances students’ understanding of human development, 
health, and dise^e. Knowledge of these areas can assist students in making informed choices 
regaraing nutrition, exercise, and other factors that wfiuence how their body functions. 



GRADES K.4 

In grades K-4, what students bnow and are able to do inrinH.^ 

descnoing hu m a n body systems (for example, digestive, respiratory, circulatory 
skeletal, muscularf. 



• describing the basic food lequiiements for humans as summarized in the nutrition 
pyramid; and 

• d^hing life cycles of selected orga n is m s (for example, frog, chicken, butterfly, radish, bean 
plant ) . 



GRADES 5.S 

As students in grades 5-8 extend their knowledge, what they know and are able to do i n'-lnd e s 

• describing the observable cotr^xinents and functions of a cell (for example, cell membrane, 
nudeus, cytoplasm, chloropiasts; movement of molecules into and out of cells): 

con^amg and contrasting the basic structures and functions of different types of cells (for 
example, smgle-celled organisms bi pond water. Elodea, onion cell, human dieek cell); 

describing the growth and development of several organisms (for example, embryonic 
cavelopmenx of a venebraze); 

describing the structures 2 nd functioiis of hnman body systems; and 

descnoing and giving exampies of noncormnun icable diseases and communicable 
(for example, heart disease and chicken pox). 
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